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The (benzophenone imine)platinum(ll) compounds trans-[PtCl,(Ph,C=NH)(RR'SO)] [R, R" = Me, Me (2); n-Pr, n-
Pr (3); (CH,)4 (4); Me, Ph (5); Me, p-MeCgH, (6)] were prepared by the reaction of Ph,C=NH with K[PtCl3(RR'SO)],
obtained in situ from K,[PtCl,] and the corresponding sulfoxide, giving 2—6 as well as cis-[PtCl,(Ph,C=NH),] (1)
as a minor product. The complexes were characterized by *H, 3C, and ***Pt NMR and IR spectroscopy, electrospray
ionization mass spectrometry, and C, H, and N elemental analysis. The X-ray crystallography of 1 enables confirmation
of the cis configuration of the complex, while in 2 and 4-Y/,CHCls, the imine and sulfoxide ligands are mutually
trans. The solid-state structure of 4+%/,CHCI; consists of two dimeric Pt moieties representing a rather weak Pt-++Pt
interaction. The dimeric architecture of 4+1/,CHCl; is enhanced by the hydrogen bonding between imine H atoms
and O atoms. The orthometalation of 1 and 2—6 proceeds both in the solid phase and in a toluene suspension,
leading to the formation of [PtCK Ph(CeH4)C=NH} (Ph,C=NH)] (7) and [PtCI{ Ph(CsH,)C=NH} (RR'SO)] (8-12),
respectively, isolated in nearly quantitative yields. Complexes 8-12 are emissive at room temperature both in
solution (Agr ~535 nm) and in the solid state (g, 560-610 nm), with excited-state lifetimes of ca. 300—600 ns,
representing a new family of Pt'-based luminescent complexes. Compounds 8 and 10 have been characterized by
X-ray analysis, confirming the square-planar coordination geometry of the metal center with the almost planar
platinacycles. In 8, the asymmetric unit contains two independent Pt molecules, while in 10, it includes four Pt
molecules linked by the intermolecular hydrogen-bonding network between the NH group and Cl atoms.

Introduction type conversion&. However, they can be stabilized via

coordination to a metal center; in particular, Pt group metals

_ Inthe recent years, there has been an increasing interesf . iqe enormous stabilization of the potentially unstable
in metal-mediated synthesis, properties, and reactivity pat- i hinesé—o

terns of ligated imine$.Unlike N-substitutedmines RN=

CR: (R = Alk, Ar; R = H, Alk, Ar), which are mostly stable Metal imine Species are the .SUbJeCt .Of rapt at_tent!on
. because of the importance of their potential properties, i.e
and serve as ligands for many metal complexabhe

unsubstitutecldimines or ketimines H&CR; are, with the (i) Pt' complexes containing coordinated acetimine display

exception of diarylketimines, very susceptible to hydrolysis a tumor cell growth inhibitory potency, similar to that of
and subject to oligo- and polymerization and various redox-
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the corresponding Ptomplexes with iminoether$,and in their main-group metal complexes may possess different
addition the ability to circumvent (either partially or com- oxidation states, thus acting as an electron sponge or
pletely) cisplatin resistancé;(ii) ytterbium(ll) imine com- sink toward organic substratésyv) Pd'- and Ni'-based
plexes exhibit a high catalytic activity in the dehydrogenative catalysts containing bulky diimine ligands exhibit extremely
silylation of terminal alkyne$2 and hydrosilylation of  high activities in the conversion of ethyletié, o-olefins17abd
imines? (iii) metal complexes of simple imines are cyclopentené’® and trans-1,2-disubstituted olefifis to
observed/proposed to be intermediates in the metal-mediatechigh-molecular-weight polymers with unique microstructures
imine aziridination® imine/imide/alkylidene metathesi$, as well as in copolymerization of polar monomers with
and amine= nitrile interconversiort® (iv) a,a-diimines in ethylene andx-olefins79" Therefore, synthetic approaches
to new arylimine metal complexes as well as examination
of their reactivity are crucial for the development of that
type of compound and to a considerable degree determinative
N-R and N-HaloimingsPergamon: Oxford, U.K., 1995; Vol. 3. for the progress of metal-mediated arylimine functionaliza-
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ﬁmishi('in*fl&“\s(z'_‘;'gamé%/é\';‘;"*Jé_fgglgﬁg%_er_’; wgghe(:)e.; imines in examinations of their reactivity. Although coor-
dination properties of HRCPh, were extensively studied,
e.g., exhaustively in the case of group VIIl metals {Heu 2
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Os?# Co2?2 Rh2 Ir;2% Ni,2* Pd? P29 and partially for
some representatives of group Il (8 IV (Ti,?8 Zr?829,

VI (Cr29), and VII (Mn2! Re13) metals, reports on the
reactivity of the metal-boundHN=CPh are rather scarce.
Thus, several papers devoted to its deprotonation, resulting
in the formation of azavinylidene complex@aPthe addition

of tolylacetilyde to the coordinated H&CPh,'° and the
formation of ligatedo—n*-CeH4sC(Ph=NH species, were

Results and Discussion

In general, the orthometalation reactieactivation of a
C—H bond in the ortho position of an aromatic ring by a
transition-metal centercontinues to be an important class
of reaction?® owing to the broad application spectrum of
the orthometalated species, e.g., in catal$&i&} organic
synthesis® and material scienc®.The activation of G-H
, - bonds by transition-metal compounds is of general interest
publishedt™ In this context, also a few reports on the acq,se of the possibility of functionalizing nonactivated
orthometalation of the coordinated HMCPh species leading organic molecule®237 For instance, the Murai reactiéh,
to N,C-chelates, performed in most cases in toluene oryhich represents one of the most important processes in
tetrahydrofuran solutions at elevated temperatures, aréyrganic synthesis, allows the alkylation of aromatic ketdhes,
available?0c:210h)22:230:26 esters’? and imines'! as well as the copolymerization of

Herein, we report on the preparation of (benzophenone aromatic ketones and,w-divinylsilanes*? Consequently,
imine)(sulfoxide)platinum(ll) complexes. The reactivity of stable and structurally characterized compounds
the HN=CPh; ligand both in the solid state and in a toluene containing N,C-metallacycles are of high interest and can
suspension, leading to the formation of the corresponding be considered as models for the organometallic intermediates
orthometalated species exhibiting luminescent properties, wasin C—C coupling reactions between aromatic imines and
studied. It is worth emphasizing that within the framework olefins#3
of this project we observed for the first tintiee solid-state Orthometalation of Ptcompounds with N-donor ligands
reactivity of the coordinated benzophenone imine, namely, giving N,C-platinacycles is rather well documentédow-
the formation of a platinacycle via elimination of HCl upon ever, there are only a few examples of orthoplatinated imino

heating of the solid platinum(ll) imine complexes.
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n?-coordinated imine&“*¢isome Pt complexes with C,N,S-
4Sagnd C,N,N#d9ipincer ligands, orthoplatinated heterocycle-
derived imino specie®? and bridgeéfeh and tetrameric
orthometalated Ptcompound®’ obtained as a result of
metalation of a Ptbound imine were reported.

Thus, we have focused on the study of cyclometalation
of (PhC=NH)Pt' species and intended (i) to prepard Pt
complexes with both benzophenone imine and various
sulfoxides, (ii) to investigate the solid-state and solution
reactivities of (PBIC=NH)Pt' species, (iii) to verify possible
routes for cyclometalation of (6=NH)Pt' complexes, and
(iv) to study properties of the cyclomelatated species. The
report on our experiments given below follows these lines.
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Scheme 1

Synthesis, Characterization, and X-ray Structure De-
terminations of (Benzophenone imine)platinum(ll) Com-
plexes. As starting materials for the preparation of (ben-

Scaffidi-Domianello et al.

The reaction between the platinum(ll) sulfoxide complexes
K[PtCI3(RRSO)] [R, R = Me, Me; n-Pr, n-Pr; (CH);
Me, Ph; Me,p-MeCsH,], obtained in situ from K[PtCl,]

zophenone imine)platinum(ll) compounds, we addressed theand the corresponding sulfoxide,and benzophenone

easily accessible complexes K[PiGulfoxide)T* [sulfoxide

= Me,SO,n-PrSO0O, (CH)4SO, racemic mixture of Me(Ph)-
SO, S(—)-p-MeCsH4(Me)SQ] for the following reasons: on
the one hand, a significant trans effect of S-coordinated
sulfoxided’ facilitates the substitution and directs the reaction
to the formation of the isomerically pure product; on the
other hand, as far as M®8O is concerned, the coordinated
dimethyl sulfoxide ligand with its characteristic spectral
patterd® serves as an “internal” reference for the integration
of 'H NMR spectra.

(44) For recent works, see: (a) Janzen, D. E.; Mehne, L. F.; Van Derveer,
D. G.; Grant, G. J.norg. Chem 2005 44, 8182. (b) Otto, S.;
Samuleev, P. V.; Polyakov, V. A.; Ryabov, A. D.; Elding, L.J.
Chem. Soc., Dalton Tran®004 3662. (c) Bennett, J.; David Rae,
A.; Salem, G.; Ward, N. C.; Waring, P.; Wells, K.; Willis, A. Q.
Chem. Soc., Dalton Trang002 234. (d) Cave, G. W. V.; Fanizzi, F.
P.; Deeth, R. J.; Errington, W.; Rourke, J.®rganometallics200Q
19, 1355. (e) Cardenas, D. J.; Echavarren, A. M.; Ramirez de Arellano,
M. C. Organometallics1999 18, 3337. (f) Steenwinkel, P.; Kooijman,
H.; Smeets, W. J. J.; Spek, A. L.; Grove, D. M.; van Koten, G.
Organometallicsl998 17, 5411. (g) Krooglyak, E. V.; Kazankov, G.
M.; Kurzeev, S. A.; Polyakov, V. A.; Semenov, A. N.; Ryabov, A.
D. Inorg. Chem 1996 35, 4804. (h) Kawamoto, T.; Nagasawa, |.;
Kuma, H.; Kushi, Y.Inorg. Chem 1996 35, 2427. (i) Casas, J. M;
Fornies, J.; Martin, A.; Menjon, B.; Tomas, M. Chem. Soc., Dalton
Trans.1995 2949.

(45) (a) Jacquot-Rousseau, S.; Khatyr, A.; Schmitt, G.; Knorr, M.; Kubicki,
M. M.; Blacque, O. Inorg. Chem. Commun2005 8, 610.

(b) Anderson, C.; Crespo, M. Organomet. Chen2004 689, 1496.

(c) Diez, L.; Espinet, P.; Miguel, J. A.; Ros, M. B. Mater. Chem
2002 12, 3694. (d) Bravo, J.; Cativiela, C.; Navarro, R.; Urriolabeitia,
E. P.J. Organomet. Chen2002 650, 157. (e) Crespo, M.; Solans,
X.; Font-Bardia, M.Polyhedron1998 17, 3927. (f) Quiroga, A. G.;
Perez, J. M.; Lopez-Solera, |.; Masaguer, J. R.; Luque, A.; Roman,
P.; Edwards, A.; Alonso, C.; Navarro-Ranninger,XCMed. Chem.
1998 41, 1399. (g) Lopez, O.; Crespo, M.; Font-Bardia, M.; Solans,
X. Organometallics1997, 16, 1233. (h) Buey, J.; Diez, L.; Espinet,
P.; Kitzerow, H.-S.; Miguel, J. AChem. Mater 1996 8, 2375. (i)
Crespo, M.; Martinez, M.; Sales, J.; Solans, X.; Font-Bardia, M.
Organometallics1992 11, 1288. (j) Anderson, C. M.; Puddephatt, R.
J.; Ferguson, G.; Lough, A. J. Chem. Soc., Chem. Commd889
1297.

(46) (a) Kukushkin, Yu. N.; Viazmenskii, Yu. E.; Zorina, L.Zh. Neorg.
Khim. 1968 13, 1573. (b) Kukushkin, V. Yu.; Pombeiro, A. J. L,;
Ferreira, C. M. P.; Elding, L. Inorg. Synth2002 33, 189. (c) Almeida,

S. G.; Hubbard, J. L.; Farrell, Nnorg. Chim. Actal992 193 149.
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imine PRC=NH proceeds in aqueous solution at room
temperature and leads to the formatiotrahs[PtCl,(Ph.C=
NH)(RRSO)] (2—6; Scheme 1) obtained as pale-
yellow precipitates and isolated in 480% yields. The
diiminoplatinum(ll)  complex cis[PtCl(PhC=NH)]
(1), prepared earlier by Grgndahl et al. via the reaction
of trans[PtClL(CHsCN);] with Ph,C=NH,?® is formed

in all syntheses as a minor product and isolated #8%
yields.

Complexes1—6 were characterized by C, H, and N
microanalysis*H, 13C{*H}, and **Pt NMR and IR spec-
troscopy, electrospray ionization mass spectrometry (ESI-
MS), and also X-ray crystallography (fd; 2, and4). All
compounds gave satisfactory C, H, and N elemental analyses.
ESI-MS spectra displayed the fragments{¥Na]" and [M
+ K]* having isotopic patterns that were in accordance with
calculated ones. The IR spectra bf6 showed strong-to-
medium»(C=N) [1597-1607 cm?] and mediumy(NH)
[3195-3294 cm?] stretching vibrations. In additior—6
displayed very strong/(S=0) [1113-1134 cm?!] bands
shifted vsy(S=O0) of the free sulfoxides due to S coordina-
tion.4°

The structures ofl, trans[PtClL(PhC=NH)(Me,SO)]

(2), andtrans[PtCl(Ph,C=NH){(CH,),SC}] (4) were de-
termined by X-ray single-crystal diffraction (Table 1 and
Figures +3). The coordination geometries of the three
complexes are slightly distorted square-planar.

In all three structures, the Pt atoms are located at a
crystallographic inversion center. The-I bond distances
are in the range from 2.297 to 2.308 A, and these distances
agree well with those in the previously characterized plati-

(47) (a) Elding, L. I.; Gfming, O. Inorg. Chem 1978 17, 1872. (b)
Ducommun, Y.; Helm, L.; Merbach, A. E.; Hellquist, B.; Elding, L.
I. Inorg. Chem 1989 28, 377.

(48) Davies, J. AAdv. Inorg. Chem. Radiochem 981, 24, 115.

(49) Kaplan, S. F.; Kukushkin, V. Yu.; Pombeiro, A. J.L.Chem. Soc.,
Dalton Trans 2001, 3279 and references cited therein.
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Table 1. Selected Bond Lengths (A) and Angles (deg) fo2, 4-4,CHCls, 8, and10

1 2 4 4B 8 8B 10A 108 10C 10D
Pt1-Cl1 2.298(2)  2.2969(9) 2.306(4)  2.302(4)  2.392(2)  2.395(2)  2.3925(11) 2.3864(11) 2.3808(11)  2.3971(12)
Pt1-CI2 2.291(2)  2.3034(9) 2.307(4)  2.308(4)

Pt1-N1 2.001(7)  2.021(3)  2.017(13) 2.024(13) 2.019(6)  2.022(6)  2.019(4) 2.016(4) 2.013(4) 2.021(4)
Pt1-N2 2.034(6)

Pt1-S1 2.2131(9) 2.210(4)  2.215(4)  2215(2)  2.216(2)  2.2063(13) 2.2054(12)  2.2215(12)  2.2132(13)
Pt1-C13 2.006(9)  1.978(9)  2.016(4) 2.010(4) 2.005(4) 2.001(5)
Pt2-CI3 2.302(4)  2.305(4)

Pt2-Cl4 2.298(4)  2.299(4)

Pt2-N2 2.037(13)  2.029(12)

Pt2-S2 2.222(4)  2.208(4)

S1-01 1.467(3)  1.469(11) 1.457(11) 1.476(5)  1.480(55)  1.479(4) 1.474(3) 1.473(3) 1.472(4)
S2-02 1.464(11)  1.447(11)

N1-C1 1.274(10)  1.289(4)  1.26(2) 1.27(2) 1.280(10)  1.282(10)

N2-C18 1.30(2) 1.26(2)

N2-C14 1.259(10)

Cl1-Pt1-Cl2 92.83(8) 175.81(3) 176.94(15) 175.75(14)

N1-Pt1I-N2  94.1(3)

N1-Pt1-S1 175.66(9) 175.2(4)  176.0(4)  179.7(2)  178.9(2)  175.40(11) 175.73(12) 178.30(12)  174.38(12)
C13-Pt1-N1 79.7(3) 79.7(3) 79.7(2) 79.4(2) 80.5(18) 79.2(2)
Pt1-N1-C1 130.5(6)  131.8(2)  129.0(10)  131.8(11)

Pt2-N2-C18 129.0(11)  131.0(11)

Pt1-N2—-C14 137.2(6)

CI3—Pt2-Cl4 175.81(15) 176.18(15)

N2—Pt2-S2 178.3(4)  177.2(4)

num(ll) chloride compound®.In 1, the two imino ligands
are mutually cis, which is the thermodynamically stable form
for the complexes having two strong-acceptor ligands
insofar as (e-d) & bonding is known to be more effective
in the cis configuratiof! In 2 and4, the imine and sulfoxide
ligands are mutually trans, which is the result of a significant
trans effect of sulfoxides compared to chloride ligands
facilitating the formation of kinetically controlled trans
isomers. In the coordinated imine, the values of theNC
bond length [1.26%11.300 A] are similar within 8 and
correspond to the previously reported distances of #C
double bond in the metal-bound f&+=NH [1.285-1.310
A].20432 |n complexes2 and 4, the P+S bond distances
are in the range from 2.210 to 2.222 A, which is in good
agreement with the mean values of the-Btbond [2.216

A] for S-coordinated sulfoxide® The solid-state structure
of 4 consists of two dimeric Pt moieties with the-fPt

hydrogen bonding takes plageThe angles N&-H1-:-O2
and N1B-+-H1B---O2B are 158.0 and 16C.4respectively.
Cyclometalation of the Ligated Benzophenone Imine.
For both 1 and 2—6, a thermally induced solid-state
cyclometalation was observed. A thermal analysis was
performed for all synthesized compounds, and the mass loss
on the first step of thermal conversion, corresponding to the
loss of 1 equiv of HCI, was observed when they were heated
to 150-200°C, with the heating rate being®&® min! (see
Figures StS6 in the Supporting Information). In a prepara-
tive experiment, the yellow powders -6 were heated in
an open test tube at a specific temperature (see the
Experimental Section) overnight, giving a bright-orange
product. The evolution of HCI was detected by a pH
indicator, and weight monitoring proved the loss of 1 equiv
of HCI. The measurement of the NMR spectra enabled the
establishment that a solid-state conversion1ef6 into

distances at 3.271 and 3.314 A, which are less than a doubleorthometalated products [P{&h(GH4)C=NH} (PhC=

van der Waals radius for Pt [1.72 2 = 3.44 A]. This case

NH)] (7) and [PtC[Ph(GH4)C=NH}(RRSO)] (8—12)

represents a rather weak interaction taking into account that(Scheme 1) took place. The yield 8fvas almost quantita-

the Pt--Pt contacts in numerous examples of dimerit Pt
complexes are in the range 2:3.4 A; no Pt--Pt contacts
of less tha 5 A were observed for the other complexes
studied in this work by X-ray crystallograpl§The dimeric
architecture of4 is enhanced by the hydrogen bonding
between imine H atoms and O atoms. The-N22 and N1B

tive, while compound4 and3—6 partially decomposed on
heating and were recrystallized to obtain analytically pure
samples.

Along with the solid-state cyclometalation 4f-6, an
analogous process was observed on heating of the compounds
in a toluene suspension. The compleXeand 2—6 were

--02B distances are 2.995(17) and 2.952(16) A for the first refluxed in toluene for 1216 h, resulting in the elimination

and second Rtmoieties, respectively. These bond lengths
fall into the range of typical N-O distances when N++O

(50) (a) Crespo, M.; Font-Bardia, M.; Granell, J.; Magz, M.; Solans,
X. J. Chem. Soc., Dalton Tran8003 3763. (b) Vicente, J.; Chicote,
M.-T.; Lagunas, M.-Chlnorg. Chem 1995 34, 5441.

(51) Price, J. H.; Williamson, A. N.; Schramm, R. F.; Wayland, Blri®rg.
Chem 1972 11, 1280.

(52) (a) Calligaris, M.Coord. Chem. Re 2004 248, 351. (b) Calligaris,
M.; Carugo, O.Coord. Chem. Re 1996 153 83.

(53) Hambley, T. Winorg. Chem 1998 37, 3767.

of 1 equiv of HCI and the formation of a five-membered
platinacycle. The cyclometalated produ¢tsl2 (Scheme 1)
were isolated in nearly quantitative yields. Fgra change

of the relative position of the N atoms proved to take place
as a result of the cyclometalation process. It is worth noticing
that7 was obtained earlier but in rather low yieRl.

(54) (a) Onoda, A.; Yamada, Y.; Doi, M.; Okamura, T.-A.; Ueyama, N.
Inorg. Chem 2001, 40, 516. (b) Szafraski, M.; Katrusiak, A.Chem.
Phys. Lett.2004 391, 267.
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Figure 1. View of complex1 with the atomic numbering scheme. Thermal ~ Figure 3. View of complex4-1/,CHCl; with the atomic numbering scheme.
ellipsoids are drawn with 50% probability. Thermal ellipsoids are drawn with 50% probability. The secondRiiety
has been omitted for clarity. Intermolecular contacts and hydrogen bond-
ing: Ptl--Pt2 3.2871(9) A, Pt1B-Pt2B 3.3140(9) A, N+ H1 0.88 A, Ht
02 2.16 A, N3--02 2.995(17) A, N+ H1:--02 158.0, N2—H2 0.88 A,
H2:--01 2.15 A, N2--01 2.991(16) A, N2H2:--01 159.0, N1B—H1B
0.88 A, H1B:-02B 2.11 A, N1B:-02B 2.952(16) A, N1B-H1B::-02B
160.4, N2B—H2B 0.88 A, H2B:-O1B 2.14 A, N2B:-O1B 2.994(16) A,
N2B—H2B-:-O1B 164.6.

by Ir'"" 58 O- and C-metalation of (dimethoxyphenyl)phos-
phines by Pt and Pd > cycloplatination ofo-diphenyl-
phosphinebenzaldehyéfécyclopalladation of benzylamin&¥,
cyclometalation of tris(1-pyrazolyl)methane by & Benteré!
and 1-methyl-2,4bipyridinium by P¥ and Pd centers’?
Hence, the solid-state conversion of the ligated@NH
species at the PPttenter represents the first example in the
chemistry of imines.

A significant research effort has been focused on cyclo-
metalated compounds because of the ability of some of them
to display interesting photophysical propertiédn this

One should mention that, although numerous examplesregard, the cyclometalated"Rtomplexe$' are among the
of cyclometalation in solution were comprehensively covered
!n the literature®® r.eactions in the solid phase were studied (59) Empsall, H. D.. Heys, P. N.. Shaw, B.LL.Chem. Soc., Dalton Trans
in much less detail. To our knowledge, only a few examples 1978 3, 257. '
of solid-state cyclometalation were reported, i.e., the cyclo- (60) J(a) SRa'ﬂl‘JL:ghS’:;aTs ﬁf‘é\;ﬂ.f&?ré‘j;i?,%g?pl_oé_}giﬁ;é? AY;;”;S:
platination of dimethyl(1-naphthyl)phosphine and dimethyl- M. C. Organometallics1997, 16, 826.

(:]__naphthy|)arsiné('3 O-metalation of (2-alkoxyphenyl)- (61) Canty, A. J.; Minchin, N. JJ. Organomet. Chenil982 226, C14.
phosphines by PP’ cyclometalation of triphenylphosphine

Figure 2. View of complex2 with the atomic numbering scheme. Thermal
ellipsoids are drawn with 50% probability.

(58) Smith, L. R.; Blake, D. MJ. Am. Chem. Sod 977, 99, 3302.

(62) Castan, P.; Labiad, B.; Villemin, D.; Wimmer, F. L.; Wimmer,JS.
Organomet. Chenml994 479 153.

(63) For recent works, see: (a) Bettington, S.; Tavasli, M.; Bryce, M. R;;
Batsanov, A. S.; Thompson, A. L.; Al Attar, H. A,; Dias, F. B;

(55) (a) Crespo, M.; Solans, X.; Font-BaagiM. Polyhedron1998 17,

3927. (b) Vaques-Garcia, D.; Fefndez, A.; Ferhadez, J. J.; Lpez-
Torres, M.; Sueez, A.; Ortigueira, J. M.; Vila, J. M.; Adams, H.
Organomet. Chem200Q 595 199. (c) Andersen, C.; Crespo, M.;
Rochon, F. DJ. Organomet. Chen2001, 631, 164. (d) Caubet, A,;
Lépez, C.; Solans, X.; Font-Bd@li M. J. Organomet. Chen2003
669 164. (e) Crespo, M.; Granell, J.; Font-BadM.; Solans, XJ.
Organomet. Cher2004 689, 3088. (f) Wu, Y. J.; Ding, L.; Wang,
H. X.; Liu, Y. H.; Yuan, H. Z.; Mao, X. A.J. Organomet. Chem
1997, 535 49. (g) Ding, L.; Zou, D. P.; Wu, Y. Polyhedron1998
17, 2511. (h) Meijer, M. D.; Kleij, A. W.; Lutz, M.; Spek, A. L.; van
Koten, G.J. Organomet. Chen001, 640, 166. (i) Kleij, A. W.;
Gebbnik, R. J. M. K.; Lutz, M.; Spek, A. L.; van Koten, Q.
Organomet. Chen001, 621, 190. (j) Ryabov, A. D.; Panyashkina,
I. M.; Polyakov, V. A.; Fisher, AOrganometallic2002 21, 1633.
(k) Crespo, M.; Font-Bard, M.; Granell, J.; Maftiez, M.; Solans,
X. J. Chem. Soc., Dalton Tran2003 3763. () Font-Bard, M.;
Callego, C.; Marmez, M.; Solans, XOrganometallic002 21, 3305.
(m) Avshu, A.; O'Sullivan, R. D.; Parkins, A. W.; Alcock, N. W.;
Countryman, R. MJ. Chem. Soc., Dalton Tran%983 8, 1619.

(56) Duff, J. M.; Mann, B. E.; Shaw, B. L.; Turtle, B. lJ. Chem. Soc.,

Dalton Trans 1974 139.

(57) Jones, Ch. E.; Shaw, B. L.; Turtle, B.L.Chem. Soc., Dalton Trans

1974 9, 992.
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Monkman, A. P.J. Mater. Chem 2006 16, 1046. (b) Ott, S.;
Borgstroem, M.; Hammarstroem, L.; Johansson, JOChem. Soc.,
Dalton Trans 2006 1434. (c) Laskar, I. R.; Hsu, Sh.-F.; Chen, T.-M.
Polyhedron2006 25, 1167. (d) Neve, F.; La Deda, M.; Puntoriero,
F.; Campagna, Snorg. Chim. Acta2006 359, 1666. (e) Lo, K. K.-
W.; Chung, Ch.-K.; Zhu, NChem—Eur. J.2006 12, 1500. (f) Fang,
K.-H.; Wu, L.-L.; Huang, Y.-T.; Yang, Ch.-H.; Sun, I.-Whorg. Chim.
Acta20086 359 441. (g) Czerwieniec, R.; Kapturkiewicz, A.; Nowacki,
J.Inorg. Chem. Commur2005 8, 1101. (h) Tamayo, A. B.; Garon,
S.; Sajoto, T.; Djurovich, P. |.; Tsyba, |. M.; Bau, R.; Thompson, M.
E. Inorg. Chem 2005 44, 8723. (i) Lepeltier, M.; Le Bozec, H.;
Guerchais, V.; Lee, T. K.-M.; Lo, K. K.-WOrganometallics2005
24, 6069. (j) Mak, C. S. K.; Hayer, A.; Pascu, S. |.; Watkins, S. E.;
Holmes, A. B.; Koehler, A.; Friend, R. HChem. Commun2005
4708. (k) You, Y.; Park, S. YJ. Am. Chem. So@005 127, 12438.
() Zhou, G.; Wong, W.-Y.; Bing, Y.; Xie, Z.; Wang, LAngew. Chem.,
Int. Ed 2007, 46, 1149. (m) Wong, W.-Y.; Ho, C.-L.; Gao, Z.-Q;
Mi, B.-X.; Chen, C.-H.; Cheah, K.-W.; Lin, ZAngew. Chem., Int.
Ed. 2006 45, 7800. (n) Wong, W.-Y.; Zhou, G.-J.; Yu, X.-M.; Kwok,
H.-S.; Lin, Z. Adv. Funct. Mater 2007, 17, 315. (o) Wong, W.-Y;
Zhou, G.-J.; Yu, X.-M.; Kwok, H.-S.; Tang, B.-Adv. Funct. Mater
20086 16, 838. (p) Yu, X.-M.; Kwok, H.-S.; Wong, W.-Y.; Zhou, G.-
J. Chem. Mater2006 18, 5097.
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K

8.35 8.30 8.25 8.20 8.15 8.10 8.05 oom Figure 5. View of complex8 with the atomic numbering scheme. Thermal

Figure 4. H—13C COSY NMR spectrum o8 in CDsOD, showing the ellipsoids are drawn with 50% probability. The second Pt molecule in the
C2—-H2 correlation signal in the aromatic region. Pt satellites in the directly asymmetric unit has been omitted for clarity.
measured one-dimensiorted and3C NMR spectra are marked with arrows.

most advantageous Owing to such useful features as h|gh Characterization and X-I’ay Structure Determinations
efficiency and long lifetimes of the emissive states and Of the Cyclometalated Pt Complexes.The cyclometalated
potential applications in many fields, e.g., chemosefisors Complexes8—12 gave satisfactory elemental analyses and
and light-emitting diodes (LED$f96¢ In most cases, the the expected molecular ion/fragmentation patterns in ESI-
luminescence property is associated with cyclometalated Pt MS spectra (the presence of the [MCI]* and [M + Na]*
compounds containing various heterocyclic ligands, e.g., peaks was recognized). Compleesl2 were characterized
pyridine?#660.67and dipyridings®.c.6768generally with dif- by IR spectroscopy: the characterist{&—O) [1116-1126
ferent aromatic substituents, as well as 7,8-benzo- cm Y], »(C=N) [1569-1587 cn'], andv(NH) [3200-3340
quinoline®67d.69and aryldiaming&efligands. Surprisingly, =~ ¢cm ] bands were observed. The most significant difference
nearly no attention was drawn so far to the luminescent of the stretching vibrations between the starting (imine)-
cycloplatinated imino specié€42' In the present work, we  (sulfoxide)platinum(ll) complexe2¢6) and the correspond-
observed that the cyclometalated compoundsl@) ob- ing cyclometalated product8{12) was observed for the
tained exhibit bright-yellow-to-orange luminescence at room C=N double bond: the respective absorption band showed
temperature in solution, in the solid state, and on being spreada red shift of up to 30 cnt in the IR spectrum. IAH NMR
onto thin-layer chromatography (TLC) SiQlates. There-  spectra 0f8—12, protons H2 displayed satellites deriving
fore, we conducted a study of their solution and solid-state from the coupling of the protons with th&Pt nuclei; typical
photophysical properties, and the results are given below in3Jp 4 coupling constants between 47.0 and 49.2 Hz could
this paper. be detected. Coupling of the C2 atoms in comple&e4?2
to 19Pt were also determined in both directly measuf€x
NMR and two-dimensionatH—C COSY NMR spectra

(3Jpc = 52.5-61.2 Hz; Figure 4). The presence of the
g 't"é’é‘egg'e'\g_jﬂgg%_ﬂfﬂigﬂ;“é ﬁﬁ?in(ﬁ)vlfef_'; ?qrjn 5‘329 satellites undoubtedly proves the elimination of HCI as a
Photosci 2003 10, 185. (e) Jude, H.; Krause Bauer, J. A.; Connick, consequence of the cyclometalation process. As expected, a
W. B. Inorg. Chem 2005 44, 1211. (f) Jude, H.; Krause Bauer, J.  sjgnificant difference iy was observed between the starting
A.; Connick, W. B.Inorg. Chem 2004 43, 725. (g) lonkin, A. S; L . .

(imine)(sulfoxide)platinum(ll) complexe®—6 (between

Marshall, W. J.; Wang, YOrganometallic2005 24, 619. (h) Chiu, )
B.K.-W.; Lam, M. H-W; Lee, D. Y.-K.; Wong, W.-YJ. Organomet. —1292.3 and—1339.0 ppm) and the corresponding cyclo-

Chem 2004 689, 2888. (i) Caubet, A.; Lopez, C.; Solans, X.; Font-
Bardia, M.J. Organomet. Chen2003 669, 164. (j) Che, C.-M.; Fu,
W.-F.; Lai, S.-W.; Hou, Y.-J.; Liu, Y.-LChem. Commur2003 118.

(64) For recent works, see: (a) Lai, S.-W.; Che, C.Adp. Curr. Chem.
2004 241, 27. (b) Kit-Man Siu, P.; Ma, D.-L.; Che, C.-MChem.
Commun 2005 1025. (c) Diez, A.; Fornies, J.; Garcia, A.; Lalinde,

(67) (a) Koshiyama, T.; Ai, O.; Kato, MChem. Lett 2004 33, 1386.

(k) He, Z.; Wong, W.-Y.; Yu, X.; Kwok, H.-S.; Lin, ZInorg. Chem
2006 45, 10922. (I) Wong, W.-Y.; He, Z.; So, S.-K.; Tong, K.-L.;
Lin, Z. Organometallic2005 24, 4079.

(65) (a) Yang, Q.-Zh.; Wu, L.-Zh.; Zhang, H.; Chen, B.; Wu, Z.-X.; Zhang,

L.-P.; Tung, Ch.-HInorg. Chem 2004 43, 5195. (b) Che, Ch.-M;
Fu, W.-F.; Lai, S.-W.; Hou, Y.-J.; Liu, Y.-LChem. Commur2003
118. (c) Ma, Y.-G.; Cheung, T.-Ch.; Che, Ch.-M.; Shen, JF8in
Solid Films1998 333 224.

(66) (a) Galbrecht, F.; Yang, X. H.; Nehls, B. S.; Neher, D.; Farrell, T;

Scherf, U.Chem. Commur2005 2378. (b) Cocchi, M.; Virgili, D.;
Sabatini, C.; Fattori, V.; Di Marco, P.; Maestri, M.; Kalinowski, J.
Synth. Met2004 147, 253. (c) Lu, W.; Chan, M. C. W.; Zhu, N.;
Che, Ch.-M.; Li, Ch; Hui, ZhJ. Am. Chem. So2004 126, 7639.

(b) Williams, J. A. G.; Beeby, A.; Davies, E. S.; Weinstein, J. A;
Wilson, C.Inorg. Chem 2003 42, 8609. (c) Liu, Q.; Thorne, L.;
Kozin, I.; Song, D.; Seward, C.; D’lorio, M.; Tao, Y.; Wang,
S.J. Chem. Soc., Dalton Tran8002 3234. (d) Lai, S.-W.; Chan, M.
C. W.; Cheung, K.-K.; Peng, S.-M.; Che, Ch.-l@rganometallics
1999 18, 3991. (e) Lai, S.-W.; Chan, M. Ch.-W.; Peng, Sh.-M.;
Che, Ch.-MAngew. Chem., Int. EA.999 38, 669-671. (f) Balashev,
K. P.; Puzyk, M. V.; Kotlyar, V. S.; Kulikova, M. V.Coord.
Chem. Re. 1997 159, 109. (g) Maestri, M.; Deuschel-Cornioley,
Ch.; von Zelewsky, A.Coord. Chem. Re 1991 111, 117.
(h) Barigelletti, F.; Sandrini, D.; Maestri, M.; Balzani, V.; von
Zelewsky, A.; Chassot, L.; Jolliet, Ph.; Maeder,lbbrg. Chem1988
27, 3644.
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Figure 6. View of complex 10 with the atomic numbering scheme.

Thermal ellipsoids are drawn with 50% probability. The other three Pt
molecules in the asymmetric unit have been omitted for clarity (see

Figure 7).

metalated product8—12 (between—2240.3 and—2281.7

Scaffidi-Domianello et al.

Figure 7. Hydrogen-bonding network in structuf®: N1—H1 0.88 A,
H1---Cl1B 2.49 A, N%--CI1B 3.366(4) A, Nt-H1---Cl1B 176.0, N1B—

ppm) because of the change in the ligand sphere (Cl vs C).H1B 0.88 A, H1B--CI1 2.55 A, N1B--Cl1 3.426(4) A, N1B-H1B:--CI1

The crystal structures of two cyclometalated products, i.e.,

8 and 10, were determined by X-ray diffraction (Table 1

and Figures 5 and 6). In both structures, the Pt atoms are
located at a crystallographic inversion center and display awhile in 10

slightly distorted square-planar coordination. The € hbond

distances are in the range from 2.381 to 2.397 A, which is

172.9, N1C—H1C 0.88 A, H1G--CI1D 2.54 A, N1G--CI1D 3.416(4) A,
N1C—H1C---CI1D 175.7, N1D—H1D 0.88 A, H1D--CI1C 2.38 A, N1D
--CI1C 3.262(4) A, N1B-H1D-:-Cl1C 175.4.

it includes four Pt molecules linked by the
intermolecular hydrogen-bonding network between the NH
group and Cl atoms (Figure 7). The distances-H1l1B,

significantly longer compared to those of the corresponding H1B---Cl1. H1G--CI1D. and H1DB--CI1C are 2.49 2.55

noncyclometalated complexes [2.292.308 A]. The differ-
ence in the PtCl bond lengths trans to Cl and trans to C is

due to the well-known strong ground-state trans influence

of C-bonded ligand$? However, these distances agree well
with those in the previously characterized' Bompounds

containing a Cl ligand in the trans position to the platinated

C atom’® In 8 and 10, the coordinated sulfoxide and the

platinated C13 center are mutually cis, which is preferable

2.54, and 2.38 A, respectively, which fall into the range of

the typical NH--Cl distances when this type of hydrogen

bonding takes plac®.

Luminescence StudiesLuminescent square-planar'Pt
complexes have attracted a great deal of interest because of
their useful photochemical properties, i.e., high efficiency
and long lifetimes of the emissive states and potential
applications in many fields, such as chemosen&opto-

because both centers possess a significant trans influencerocatalyst§4 LEDs/5 and photocatalytic devicés. The

The five-membered platinacycles deviate slightly from the

plane, with a maximum deviation of 0.149 A. B the

asymmetric unit contains two independent Pt molecules,

(68) (a) Siu, K. M,; Lai, S.-W.; Lu, W.; Zhu, N.; Che, Ch.-Mur. J. Inorg.
Chem.2003 2749. (b) Neve, F.; Crispini, A.; Campagna, I8org.
Chem.1997, 36, 6150. (c) Liu, H.-Q.; Cheung, T.-Ch.; Che, Ch.-M.
Chem. Commurl996 1039. (d) Wu, L.-Zh.; Cheung, T.-Ch.; Che,
Ch.-M.; Cheung, K.-K.; Lam, M. H. WChem. Commuri998 1127.

(e) Wong, K.-H.; Chan, M. Ch.-W.; Che, Ch.-i@hem—Eur. J.1999

5, 2845. (f) Lai, S.-W.; Cheung, T.-Ch.; Chan, M. C. W.; Cheung,
K.-K.; Peng, Sh.-M.; Che, Ch.-Mnorg. Chem.200Q 39, 255. (g)
Tse, M.-Ch.; Cheung, K.-K.; Chan, M. C.-W.; Che, Ch.-Ehem.
Commun1998 2295. (h) Cheung, T.-Ch.; Cheung, K.-K.; Peng, Sh.-
M.; Che, Ch.-M.J. Chem. Soc., Dalton Tran4996 1645. (i) Lu,
W.; Zhu, N.; Che, Ch.-MChem. Commur2002 900.

(69) (a) Maestri, M.; Deuschel-Cornioley, Ch.; von Zelewsky, A.
Photochem. PhotobioA 1992 67, 173. (b) Schwarz, R.; Gliemann,
G.; Jolliet, Ph.; von Zelewsky, Anorg. Chem.1989 28, 1053. (c)
Fernandez, S.; Fornies, J.; Gil, B.; Gomez, J.; Lalinde).EChem.
Soc., Dalton Trans2003 822.

(70) (a) Ryabov, A. D.; Kazankov, G. M.; Yatsimirsky, A. K.; Kuz’'mina,
L. G.; Burtseva, O. Y.; Dvortsova, N. V.; Polyakov, V. Aorg.
Chem 1992 31, 3083. (b) Ryabov, A. D.; Le Lagadec, R.; Estevez,
H.; Hernandez, S.; Alexandrova, L.; Kurova, V. S.; Fisher, A.; Pfeffer,
M. Inorg. Chem 2005 44, 1626.

(71) (a) Ryabov, A. D.; Kazankov, G. M.; Panyashkina, |. M.; Grozovsky,
0. V.; Dyachenko, O. G.; Polyakov, V. A.; Kuz’'mina, L. G. Chem.
Soc., Dalton Transl997, 4385. (b) Ryabov, A. D.; Otto, S.; Samuleev,
P. V.; Polyakov, V. A.; Alexandrova, L.; Kazankov, G. M.; Shova,
S.; Revenko, M.; Lipkowski, J.; Johansson, M.IRorg. Chem2002
41, 4286.
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most advantageous &t' luminescent systems are based on
[PtXo(diimine)] (X = halide, cyanide, thiolate, alkyl, aryl,

(72) (a) Burrows, A. D.; Harrington, R. W.; Mahon, M. &cta Crystallogr.
2004 E60, m1317. (b) Zhu, H.-L.; Yang, S.; Qiu, X.-Y.; Xiong, Z.-
D.; Youb, Z.-L.; Wang, D.-QActa Crystallogr.2003 E59, m1089.

(73) (a) Lo, H.-S.; Yip, S.-K.; Wong, K. M.-C.; Zhu, N.; Yam, V. W.-W.
Organometallic2006 25, 3537. (b) Yang, Q.-Z.; Wu, L.-Z.; Zhang,
H.; Chen, B.; Wu, Z.-X.; Zhang, L.-P.; Tung, C.-hhorg. Chem2004
43, 5195. (c) Che, C.-M.; Zhang, J.-L.; Lin, L.-REhem. Commun.
2002 2556.

(74) (a) Du, P.; Schneider, J.; Jarosz, P.; Eisenberd, Rm. Chem. Soc.
2006 128 7726. (b) Hissler, M.; McGarrah, J. E.; Connick, W. B.;
Geiger, D. K.; Cummings, S. D.; Eisenberg, ®ord. Chem. Re
200Q 208 115. (c) Connick, W. B.; Gray, H. Bl. Am. Chem. Soc.
1997 119 11620.

(75) (a) Sotoyama, W.; Satoh, T.; Sawatari, N.; InoueApbl. Phys. Lett.
2005 86, 153505. (b) Furuta, P. T.; Deng, L.; Garon, S.; Thompson,
M. E.; Frechet, J. M. JJ. Am. Chem. So@004 126, 15388.

(76) (a) Chakraborty, S.; Wadas, T. J.; Hester, H.; Schmehl, R.; Eisenberg,
R. Inorg. Chem.2005 44, 6865. (b) Islam, A.; Sugihara, H.; Hara,
K.; Singh, L. P.; Katoh, R.; Yanagida, M.; Takahashi, Y.; Murata, S.;
Arakawa, H.; Fujihashi, Glnorg. Chem.2001 40, 5371.

(77) (a) Paw, W.; Cummings, S. D.; Mansour, M. A.; Connick, W. B.;
Geiger, D. K.; Eisenberg, RCoord. Chem. Re 1998 171, 125. (b)
Miskowski, V. M.; Houlding, V. H.; Che, C.-M.; Wang, Ylnorg.
Chem.1993 32, 2518. (c) Che, C.-M.; Wan, K.-T.; He, L.-Y.; Poon,
C.-K.; Yam, V. W.-W.J. Chem. Soc., Chem. Commu®89 943.

(d) Dungey, K. E.; Thompson, B. D.; Kane-Maguire, N. A. P.; Wright,
L. L. Inorg. Chem200Q 39, 5192. (e) Wadas, T. J.; Chakraborty, S.;
Lachiotte, R. J.; Wang, Q.-M.; Eisenberg, IRorg. Chem2005 44,
2628.



Cyclometalation of Ligated Benzophenone Imine

Table 2. Photophysical Properties of the Pt Complexes at Room
Temperature

Solution Data
e (dm*mol~cm™1)

sample (Aab= 400 nm) Aem (NMP dem (%)°
8 3400 535, 565 0.0071
9 1600 535, 565 0.019
10 3100 535, 565 0.0056
11 3900 506-750 0.0042
12 1400 535, 565 0.0045
Solid-State Data
sample Aem (NMP 7 (nsf
8 542,571, 624 455
9 575, 655 575
10 525, 559, 610 615
11 600, 655 323
12 608, 655 507

2 Jex = 400 nm.? Determined using [Ru(bpylf* as the standardy =
0.062 (ref 83)° Excited state {ex = 400 nm) lifetimes £50 ns) reported
with Aem = 575 nm.

or acetylide),” terpyridin€® complexes, or phosphorescent
platinum(ll) porphryins® A separate group of Pfased
luminescent compounds is comprised of complexes with
N,C,N-7a75a80r S, C,S%81pincer ligands and some other
cyclometalated Ptcompound§#a82

The UV—vis absorption and emission data of complexes
8—12are summarized in Table Aftention! For ref 83, see
footnote b in Table R All of the complexes show an
absorption band at 400 nm (Figure 8) with extinction
coefficients €) on the order of 1®dm? mol~* cm™1. These

Figure 8. Absorption spectra of a 1.8 107> M solution in acetone at
room temperature.

guantum yields of the complexes are rather low, with values
smaller than 0.0071, the exception bethghe quantum yield

of which (0.019) is nearly 3 times that of the other
compounds.

Figure 10 shows normalized solid-state emission spectra
for the complexes that exhibit differences with respect to
the structure and intensity of the emission bands but have
similar emission energies. The solid-state emission data listed
in Table 2 show compound® and 10 having A2 at 571
and 559 nm, respectively. These two complexes also exhibit
some structure on the emission bands with high- and low-
energy shoulders at 542 and 624 nm and at 525 and 610
nm, respectively. Comple shows al_3 at 575 nm with a
shoulder at 655 nm. Complex&4 and12 exhibit a red shift
in the value ofig " in going from solution to the solid state.

It is possible that, in the more rigid solid state, the phenyl
rings of the sulfoxide substituent il and12 have an effect

characteristic metal complex absorptions are only reported0n their solid-state packing arrangement. For compounds

for 2 > 350 nm. Below 350 nm, high-intensity intraligand

absorptions predominate in the spectra. The broad but well-

8—12, the excited-state emission lifetimes at 575 nm are in
the range of 326615 ns (Table 2), consistent with the spin-

defined absorption band at 400 nm may be attributed to a forbiddenness associated with metal complex phosphores-

triplet metal-to-ligand charge-transfetMLCT) transition
corresponding to @(Pt) — 7*(C"N), based on similarities
in the energy and intensity of MLCT transitions of related
platinum(ll) terpyridyl and cyclometalated diimine com-
plexes’627884n Figure 9, all of the Ptcomplexes except
11 show an emission withigo* of 535 nm, along with
another less intense emission at 565 nm. Complekas a
broad emission ranging from 500 to 650 nm. The solution

(78) (a) Yang, Q.-Z.; Wu, L.-Z.; Wu, Z.-X.; Zhang, L.-P.; Tung, C.-H.
Inorg. Chem.2002 41, 5653. (b) Bailey, J. A.; Hill, M. G.; Marsh,
R. E.; Miskowski, V. M.; Schaefer, W. P.; Gray, H. Biorg. Chem.
1995 34, 4591. (c) Wong, K. M.-C.; Tang, W.-S.; Lu, X.-X.; Zhu,
N.; Yam, V. W.-W.Inorg. Chem 2005 44, 1492.

(79) Kwong, R. C.; Sibley, S.; Dubovoy, T.; Baldo, M.; Forrest, S. R.;
Thompson, M. EChem. Mater1999 11, 3709.

(80) Okamoto, K.; Kanbara, T.; Yamamoto, T.; WadaJkganometallics
2006 25, 4026.

(81) Kanbara, T.; Okada, K.; Yamamoto, T.; Ogawa, H.; InoueJ.T.
Organomet. Chen004 689, 1860.

(82) (a) Lu, W.; Mi, B.-X.; Chan, M. C. W.; Hui, Z.; Che, C.-M.; Zhu, N.;
Lee, S.-T.J. Am. Chem. So@004 126, 4958. (b) Kui, S. C. F.; Chui,
S. S.-Y.; Che, C.-M.; Zhu, NJ. Am. Chem. So2006 128 8297. (c)
Ma, B.; Li, J.; Djurovich, P. I.; Yousufuddin, M.; Bau, R.; Thompson,
M. E. J. Am. Chem. So@005 127, 28.

(83) Calvert, J. M.; Caspar, J. V.; Binstead, R. A.; Westmoreland, T. D.;
Meyer, T. J.J. Am. Chem. S0d.982 104, 6620.

(84) (a) Lu, W.; Chan, M. C. W.; Cheung, K.-K.; Che, C.-&rganome-
tallics 2001, 20, 2477. (b) Lai, S.-W.; Chan, M. C.-W.; Cheung, K.-
K.; Che, C.-M.Organometallics1999 18, 3327. (c) Lai, S.-W.; Chan,
M. C.-W.; Cheung, T.-C.; Peng, S.-M.; Che, C.-Morg. Chem1999
38, 4046.

cence?*e74PThere is no observed correlation &y, and .

Figure 11 shows the solution emission spectral dfat
three different concentrations. It is found that the emission
intensity increases with increasing concentration but the
Ao energies do not change, consistent with the absence of
intermolecular Pt-Pt aggregatiof?©® Though the solid-
state quantum yields for the compounds were not obtained,
they are indeed very brightly emissive when irradiated with
400 nm light, raising the possibility that these systems may
be useful for sensor or display applications, upon proper
derivatization.

Final Remarks

In the current work, we succeeded in synthesizing a new
family of orthometalated Pt complexes of the general
formula [PtC{ Ph(GH4)C=NH} (RRSO)] [R, R = Me, Me;
n-Pr, n-Pr; (CH,)4; Me, Ph; Me,p-MeCsH,4] (8—12). It was
shown that the cyclometalation teins-[PtClL(PhC=NH)-
(RR'SO)] (2—6) proceeds both in the solid phase and in a
toluene suspension, leading to the formation of N,C-chelates
in high isolated yields. Thermogravimetric analysis (TGA)
proved to be a perfectly suitable method for the observation
of the processes taking place on heating of the solid sample

(85) Lai, S.-W.; Lam, H.-W.; Lu, W.; Cheung, K.-K.; Che, C.-M.
Organometallic2002 21, 226.
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Figure 9. Emission spectra of a 1.2 107> M solution in acetone at room temperature.

Figure 10. Normalized solid-state emission spectra at room temperature.

CHN elemental analyzer. Melting points were determined with a
Buchi B-540 melting point apparatus and are uncorrected. TGA/
DTA studies were performed with a Mettler Toledo TGA850
instrument (temperature range from 20 to 10@with a heating
rate of 5°C min%, an air flow d 3 L h™%, and a sample mass of
5—10 mg in an aluminum crucible; the buoyancy correction for
TGA was done by measuring a blank). ESI-MS spectra were
obtained with a Bruker Esquire 3000 instrument. IR spectra (4000
400 cntl) were recorded with a Perkin-Elmer Fourier transform
(FTIR) instrument in KBr pelletstH, 3C{*H}, and 1Pt NMR
Figure 11. Emission spectra df2 in acetone at different concentrations  spectra were measured with a Bruker Avance DPX 400 spectrom-
at room temperaturelgx = 400 nm). eter at 400.13 MHz !f), 100.63 MHz {3C), and 85.99 MHz

o (*9%Pt), correspondingly, at ambient temperatuf®Pt chemical
at elevated temperatures. It is important that the orthometa-ghjfts are given relative to £PtCly], and the half-height line width

lated complexes obtained exhibit luminescent properties atis given in parentheses.

room temperature both in solution and in the solid state and Reaction of PRC=NH with K[PtCl 3(RR'SO)] Obtained in
also on being spread onto TLC Si@lates. The broad  Situ. In a typical experiment, a solution of RRO (0.25 mmol) in
application spectrum of luminescent Bomplexes stimulates ~ water (1 mL) was added dropwise to a solution offCl,] (100
our interest in the further elaboration of the current topic, and Mg 0.24 mmol) in water (3 mL) at 225 °C. The mixture was
studies on the cyclometalated benzophenone imine Cc)m_stirred for 4-5 h at room temperature until the color of the solution

: e : : turned from reddish-orange to yellow. When Me(Ph)SO and
lexes and on their emission properties are underway in our
P brop y p-MeCsH4(Me)SO were employed, small amounts of the known

group. pale-yellowcis [PtCh{ Me(Ph)SQ,]*6<85andcis [PtCh{ p-MeCsHy-
(Me)SG ,]8” complexes were obtained and removed by filtration
(yields are 10 and 4%, respectively).

General Procedures Solvents were obtained from commercial A solution of PRC=NH (44 mg, 0.24 mmol) in CHGI(1 mL)
sources and used as receiveeRropyl sulfoxide was purchased Wwas added to the yellow filtrate obtained as described above. A
from Acros, while the remaining sulfoxides and benzophenone pale-yellow amorphous precipitate appeared immediately, where-

Experimental Section

imine were obtained from Aldrich. The complexes K[R(@R SO)] upon the reaction mixture was stirred overnight at room temperature
(R, R = Me, Me; n-Pr, n-Pr; (CH,)4; Me, Ph; Me,p-MeCsHy) and the precipitate was separated by filtration. The yellow solid
were prepared in situ according to published metié&sr TLC, was dried at 2625 °C and washed with two 2-mL portions of

Merck UV 254 SiQ plates were used. Fluka silica gel 60 (220
440 mesh) was used for column chromatography. C, H, and N (86) Antolini, L.; Folli, U.; larossi, D.; Schenetti, L.; Taddei, &.Chem.
. o Soc., Perkin Trans. 2991, 7, 955.
elemental analyses were carried out by the elemental analyse§g7) spevak, V. N.: Skvortsov, N. K.; Belskii, V. K.; Konovalov, V. E.:
laboratory of the University of Vienna using a Perkin-Elmer 2400 Lobadyuk, V. I.Zh. Obsh. Khim1992 62, 2646.
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Table 3. Crystallographic Data fot, 2, 4-%/,CHCls, 8, and 10

1 2 4 8 10
empirical formula QGH22C|2N2Pt C15H170|2NOPtS Q5H39C|7N202Pt2$2 C15H16C|NOPtS CqugCINOPtS
fw 628.45 525.35 1222.13 488.89 514.92
temp (K) 120(2) 100(2) 120(2) 120(2) 120(2)

A (A) 0.71073 0.71073 0.71073 0.71073 0.710 73
cryst syst triclinic monoclinic monoclinic triclinic monoclinic
space group P1 P2i/c P2i/c P1 P2,

a(d) 9.510(2) 5.5695(5) 19.869(2) 10.0666(3) 10.38390(10)
b (A) 9.680(2) 16.5381(13) 18.081(3) 10.5808(3) 24.3071(4)
c(A) 14.006(3) 17.9682(15) 23.197(2) 14.7570(3) 13.4799(2)
o (deg) 70.557(18) 90 90 107.833(2) 90

B (deg) 83.699(18) 98.032(7) 99.181(11) 95.223(2) 99.749(9)
y (deg) 67.909(12) 90 90 92.2130(10) 90

V (A3) 1126.3(4) 1638.8(2) 8226.8(19) 1486.40(7) 3353.23(8)
z 2 4 8 4 8

peaic(Mg/m?) 1.853 2.129 1.973 2.185 2.040

u(Mo Ko) (mm™?) 6.483 9.012 7.385 9.754 8.653

reflns collected 6792 22642 57627 23370 54166
unique refins 3194 3601 14385 5236 15058
R12(l = 20) 0.0351 0.0201 0.0631 0.0320 0.0231
WR2 (I = 20) 0.0806 0.0411 0.1462 0.0719 0.0474

AR1= 3||Fo| — [Fell/XIFol. "WR2 = [3[W(Fo* — F)/ T [W(Fo?)7] M2

diethyl ether. The analytically pure product®® and 2—6 were

MeOH): mvz 604 [M + Na]*, 620 [M + K]+, 727 [M + Ph,C=

separated by column chromatography, correspondingly, in the first NH — CI]*. Mp: 134-135 °C. TGA curve, mass loss: 6.2%

and second fractions [eluent: 1:8 (v/v) MEO/CHCE]. The
products were dried at room temperature. Yield.06—8%, based
on Pt. Yield of2—6: 40—-60%, based on Pt.

1. Anal. Calcd for GegHoNoClLPt: C, 49.69; H, 3.53; N, 4.46.
Found: C, 49.52; H, 3.76; N, 4.36. ESI-MS(1:10 (v/v)
CHCIly/MeOH): m/z 433 [M — HCI — Ph,C=NH + Na]*, 556
[M — HCI — CI]*, 651 [M + NaJ, 667 [M + K]*. ESI-MS"
(2:10 (v/v) CHCHMeOH): m/z 409 [M — HCI — PhhC=NH —
H]~, 446 [M — HCI — PhbkC=NH + CI]~, 627 [M — H]~, 663 [M
+ Cl]~=. Mp: 212-213°C. TGA curve, mass loss: 6.4% HClI,
200 °C, calcd 5.8%), 18% (310C), 37% (410°C). TLC (20:1
(v/v) CHCl/Me,CO): Rr = 0.56. IR (KBr, cntl): » 3199 (m,
NH), 1591 and 1565 (s,<€N). 'H NMR (acetonedg): 6 8.89 (s,
br, 2H, NH), 8.27 (d, 4H,Ha(0), 3Jyn = 7.0 Hz), 7.80 (t, 2H,
Hadp), 33w n = 7.5 Hz), 7.63 (t, 4HHa(m), 3y = 7.8 Hz), 7.47
(t, 2H, Hadp), 3Jyn = 7.3 Hz), 7.25 (t, 4HHa(m), 3Jyn = 7.8
Hz), 6.59 (d, 4HH(0), 334 = 7.5 Hz).13C{1H} NMR (CDCly):
0 179.08 C=NH), 137.73 Cay), 136.74 Cay), 132.94 C,), 132.69
(Cap), 130.83 Ca), 129.06 Cap), 128.99 Cap), 128.59 Cq). 9Pt
NMR (acetoneds): 6 —240.5 0 = 660 Hz). Crystals for X-ray

(—HCI, 150°C, calcd 6.3%), 26% (22€C), 35% (370°C). TLC
(8:1 (v/v) CHCK/Me,CO): Ry = 0.61. IR (KBr, cntl): v 3195
(m, NH), 1601 (m, &N), 1113 (s, $0), 702 (m, C-S).*H NMR
(CDCly): 6 8.90 (s, br, 1H, M), 8.12 (d, 2H2Jy 4 = 7.0 Hz) and
7.58 (m, 8H) (two Ph), 3.53 (td, 2H, 2SEH 2y = 12.6 Hz,
8Jyn = 5.0 Hz), 3.08 (td, 2H, 2SCH, 23y = 11.0 Hz,3Jyy =
5.0 Hz), 2.24 (m, 2H, 6), 2.13 (m, 2H, ¢1,), 1.18 (t, 6H, 2Cl3,
8Jun = 7.5 Hz). 18C{H} NMR (CDCl): 6 184.27 C=NH),
133.60 Ca), 132.68 Cay), 131.47 Ca), 129.54 Cy), 129.46 Cay),
128.29 Ca), 56.34 (£H,), 16.95 CH,), 13.29 CHa). 9Pt NMR
(CDClg): 6 —1329.1 ¢ = 550 Hz).

4. Anal. Calcd for G/H1gNCIL,OPtS: C, 37.03; H, 3.47; N, 2.54.
Found: C, 37.05; H, 3.47; N, 2.54. ESI-M$1:10 (v/v) CHCH
MeOH): m/z516 [M — CI]*, 574 [M + Na]*, 590 [M + K]*, 697
[M + PhC=NH — CI]*. Mp: 168-169 °C. TGA curve, mass
loss: 6.2% {-HCI, 200 °C, calcd 6.6%), 16% (260C), 37%
(350 °C). TLC (8:1 (v/v) CHCHMe,CO): R = 0.49. IR (KBr,
cm™1): v 3227 (m, NH), 1607 (m, &N), 1129 (s, $0), 701 (s,
C—S).H NMR (CDCl): 6 9.48 (s, br, 1H, M), 8.16 (d, 2H,

study were obtained by slow evaporation of a chloroform/acetone 33, ; = 7.0 Hz) and 7.56 (m, 8H) (two Ph), 3.96 (m, 2H, I35,

solution.

2. Anal. Calcd for GsH;/NCI,OPtS: C, 34.29; H, 3.26; N, 2.66.
Found: C, 34.31; H, 3.41; N, 2.40. ESI-M$1:10 (v/v) CHCY
MeOH): m/z490 [M — CI]*, 548 [M+ Na]", 564 [M+ K]+, 671
[M + Ph,C=NH — CI]*, 706 [M + Ph,C=NH + H]*. ESI-MS
(1:10 (v/v) CHCHMeOH): m/z 411 [M — Me,SO — Cl]~. Mp:
172°C. TGA curve, mass loss: 7.5%HCI, 160°C, calcd 7.0%),
21% (310°C), 42% (450°C). TLC (8:1 (v/v) CHCYMe,CO): R
= 0.56. IR (KBr, cntl): » 3294 (m, NH), 1599 (m, &N), 1134
(s, S=0), 702 (s, C-S). IH NMR (acetoneds): 6 10.46 (s, br,
1H, NH), 8.15 (d, 2H3J4 4 = 7.0 Hz), 7.69 (m, &) and 7.59 (m,
6H) (two Ph), 3.29 (st d, 6H, CHs, 3Jpin = 16.6 Hz).13C{H}
NMR (CDCL): 6 183.79 C=NH), 137.83 Ca), 137.13 Ca),
133.48 Ca), 132.83 Car), 131.48 Ca), 129.85 Cay), 129.34 Cay),
128.28 Cq), 44.04 CH3). °Pt NMR (acetonek): 6 —1339.0 ¢

= 550 Hz). Crystals for X-ray study were obtained by slow

evaporation of a toluene/dichloromethane solution.
3. Anal. Calcd for GgH2sNCI,OPtS: C, 39.25; H, 4.33; N, 2.41.
Found: C, 39.20; H, 4.33; N, 2.42. ESI-M%1:10 (v/v) CHC}/

3.50 (m, 2H, SEly), 2.33 (M, 2H, Ei,), 2.14 (m, 2H, El,). 13C-
{*H} NMR (CDCl): 6 183.65 C=NH), 137.84 Ca), 137.16 Ca),
133.40 Ca), 132.78 Cay), 131.49 Cay), 129.86 Ca), 129.31 Cay),
128.26 Car), 56.82 (£Hy), 25.19 CH,). 9Pt NMR (CDCh): o
—1292.3 § = 470 Hz). Crystals for X-ray study were obtained by
slow evaporation of a chloroform/acetone solution.

5. Anal. Calcd for GgH1gNCI,OPtS: C, 40.89; H, 3.26; N, 2.38.
Found: C, 40.91; H, 3.41; N, 2.25. ESI-M$1:10 (v/v) CHCY
MeOH): m/z 610 [M + NaJ*, 626 [M + K]+, 734 [M + Ph,C=
NH — CI]*. ESI-MS™ (1:10 (v/v) CHCLMeOH): m/z 441 [M —
PhC=NH + Cl]~. Mp: 162-163°C. TGA curve, mass loss: 6.9%
(—HCI, 180°C, calcd 6.4%), 14% (26€C), 43% (370°C). TLC
(20:1 (v/v) CHCE/Me,CO): R = 0.43. IR (KBr, cntl): v 3225
(m, NH), 1599 (s, &N), 1133 (s, 50). H NMR (acetoneds):

0 10.62 (s, br, 1H, M), 8.10 (d, 2H,3Jyn = 7.0 Hz), 7.92 (m,
2H) and 7.60 (m, 11H) (three Ph), 3.32+sd, 3H, (Hs, 3Jpiy =
12.2 Hz).13C{*H} NMR (CDCl): 6 182.79 C=NH), 143.18 C,),
137.65 Cap), 137.59 Cap), 133.27 Car), 132.85 Cay), 132.09 Ca),
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131.29 Ca), 130.13 Ca), 129.52 Cay), 129.16 Ca), 128.25 Cay),
125.92 C,y), 45.23 CH3). 1°°Pt NMR (CDCh): 60 —1334.1 (0 =
520 Hz).

6. Anal. Calcd for G;H,;NCI,OPtS: C, 41.94; H, 3.52; N,2.33.
Found: C, 41.90; H, 3.45; N, 2.38. ESI-M$1:10 (v/v) CHCY
MeOH): m/z602 [M + H]*, 624 [M + Nal*, 640 [M + K] *. Mp:
164—165°C. TGA curve, mass loss: 6.3%-HCI, 190°C, calcd
6.1%), 6.2% (27C0C), 6.6% (340°C), 45% (410°C). TLC (8:1
(v/v) CHCIg/Me,CO): R = 0.70. IR (KBr, cntl): v 3198 (m,
NH), 1597 (s, &N), 1131 (s, $0), 699 (s, C-S). 'TH NMR
(CDCly): 0 9.83 (s, br, 1H, M), 8.10 (d, 2HH1 andH4,3Jy4y =
7.0 Hz), 7.90 (d, 2HH2 andH3, 3Jy 4 = 8.1 Hz), 7.66 (m, 1H,
Ha), 7.62 (m, 2H, ®,), 7.53 (m, 3H, Bl,), 7.44 (m, 2H, ),
7.38 (m, 2H, M,), 3.46 (s, 3H, SE3), 2.50 (s, 3H, Ei3). 13C-
{H} NMR (CDCl): 6 182.84 C=NH), 143.65 Ca(q)), 140.06
(Ca(q)), 137.67 Cal@)), 137.61 Ca(a)), 133.26 Ca), 132.15 Ca),
131.34 Ca), 130.13 Cq), 130.09 Cap 3Jptc = 87.5 Hz), 129.16
(Cap), 128.25 Cap), 125.89 Cay), 45.42 (£H3), 21.94 CH3). 19t
NMR (CDCly): 6 —1318.0 § = 450 Hz).

Cyclometalation of the Complexed Benzophenone Imine in
the Solid State and on Heating in TolueneThe yellow powders
of 1 or 2—6 (0.04 mmol) were heated in an open test tube at
180 °C (1), 140°C (2), 140°C (3), 180°C (4), 160°C (5), or
170°C (6) overnight, giving a bright-orange product; elimination
of HCI was detected by a pH indicator, and weight monitoring
proved the loss of 1 equiv of HCI. The yield & was almost
guantitative. Wherll and 3—6 were heated, along with cyclom-
etalated complexe¥ and 9—12, the resulting orange solids
contained some impurities deriving from decomposition products,
as could be detected B NMR spectroscopy.

In a typical experiment, suspensionslodr 2—6 (0.1 mmol) in
toluene (10 mL) were refluxed for £216 h, whereupon the solvent
was removed at 40C under reduced pressure. The bright-orange-
yellow powders of7 or 8—12 were dried in vacuo at room
temperature. Yields were almost quantitative.

7. IR (KBr (selected bands), crd): »(C=N) 1594 m [lit26 IR
1597 m cn1?], »(C=N) 1578 m [lit?6 IR 1577 m cntl]. I1H NMR
(CDCly): 6 9.99 (s, br, 1H, M) [lit.26 6 10.13], 8.91 (s, br, 1H,
NH) [lit .26 6 8.87], 8.31 (d, 2HHay, 3Jyn = 7.3 Hz) [lit.26 § 8.28
(d)], 7.66 (M, 1HHay), 7.55 (M, 10HH,), 7.42 (t, 2H,Hay, 3Ju
= 7.7 Hz) [lit6 ¢ 7.35-7.7 (m)], 7.12 (dd, 1HHgy, 33y = 7.5
Hz, *Jq 4 = 1.6 Hz), 6.97 (m, 2HH,,), 6.85 (d, 1H,Ha, 3Jyn =
7.6 Hz) [lit.26 ¢ 6.8—7.1 (m)]. In addition, ESI-MS analysis was
carried out. ESI-MS (MeOH): m/z 556 [M — CI]*, 732 [M +
Ph,C=NH — CI]*.

8. Anal. Calcd for GsH1eNCIOPtS: C, 36.85; H, 3.29; N, 2.86.
Found: C, 37.08; H, 3.28; N, 2.86. ESI-M$MeOH): m/z 453
[M — CI*, 511 [M + NaJ*. Mp: 185-186°C. TLC (1:10 (V/v)

(88) Duisenberg, A. J. M.; Kroon-Batenburg, L. M. J.; Schreurs, A. M.
M. J. Appl. Crystallogr.2003 36, 220.

(89) Otwinowski, Z.; Minor, W.Processing of X-ray Diffraction Data
Collected in Oscillation Mode Academic Press: New York,
1997; pp 307#326. Otwinowski, Z.; Minor, W. Macromolecular
Crystallography. InMethods EnzymologyCarter, C. W., Sweet, J.,
Eds.; Academic Press: New York, 1997; Vol. 276, Part A, pp-307
326.
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Me,CO/CHCE): R = 0.54. IR (KBr, cntl): v 3340 (m, NH),
1569 (m, G=N), 1126 (s, $0). *H NMR (CDs0OD): ¢ 10.50 (s,
br, 1H, NH), 8.20 (d+ q, 1H, H2, 33y = 7.5 Hz,3Jpn = 48.7
Hz), 7.63 (m, 5H,Ph), 7.24 (m, 1H,H3), 7.13 (m, 2H,H4 and
H5), 3.55 (st d, 6H, CHg, 3Jp = 22.1 Hz).23C{H} NMR (CDs-
OD): ¢ 188.41 C=N), 145.17 C1), 134.13 C2, 2pc = 54.4
Hz), 133.13 €3, 3Jpic = 50.5 Hz), 131.55 C,), 131.49 (C5),
128.99 Cay), 128.30 Ca), 124.28 C4), 45.05 CH3, 2Jpic = 55.4
Hz). 9Pt NMR (CD;0D): 6 —2261.7 ¢ = 710 Hz). Crystals for
X-ray study were obtained by slow evaporation of an acetone
solution.

9. Anal. Calcd for GgH.uNCIOPtS: C, 41.87; H, 4.44; N, 2.57.
Found: C, 41.93; H, 4.40; N, 2.55. ESI-MgMeOH): m/z
509 [M — CI]*, 568 [M + NaJ*. Mp: 190-192 °C. TLC
(CHClL): R = 0.44. IR (KBr, cnh): v 3206 (w, NH), 1580
(m, C=N), 1116 (s, $O). IH NMR (CDsOD): ¢ 10.43 (s, br,
1H, NH), 8.23 (d+ q, 1H,H2, 33y 4 = 7.5 Hz,3Jp;y = 47.2 Hz),
7.63 (m, 5H,Ph), 7.22 (m, 1H,H3), 7.12 (m, 2H,H4 and
H5), 3.78 (m, 2H, SE,), 3.40 (m, 2H, SE,), 2.17 (m, 2H,
CH3CHy), 2.09 (m, 2H, CHCH,), 1.19 (m, 6H, El3). BC{H}
NMR (CDsOD): 6 177.06 C=N), 144.69 (1), 135.89 C6),
134.35 C2,2Jp c = 52.5 Hz), 132.95@3, 3Jpic= 51.5 Hz), 132.57
(Calq)), 131.49 Ca), 131.39 C5), 128.99 Cay), 128.30 Cap), 124.18
(C4), 57.81 (£Hy, 2Jptc = 38.9 Hz), 17.32 CHy, 3Jpic = 22.4
Hz), 12.23 CHs). 19t NMR (CD;OD): ¢ —2281.7 § = 570 Hz).

10.Anal. Calcd for G/H1gNCIOPtS: C, 39.65; H, 3.52; N, 2.72.
Found: C, 39.82; H, 3.65; N, 2.85. ESI-M$MeOH): n/z 538
[M + NaJ*, 554 [M + K]+, 590 [M + HCI + K] *. Mp: 173-174
°C. TLC (1:10 (v/v) MeCO/CHCE): R = 0.60. IR (KBr, cnr?):

v 3212 (m, NH), 1587 (m, €N), 1125 (s, $=0). 'H NMR (CDs-
OD): 6 10.57 (s, br, M), 8.17 (d+ q, 1H, H2, 3Jyn = 7.5 Hz,

(90) Beurskens, P. T.; Beurskens, G.; Gelder, R.; Garcia-Granda, S.; Gould,
R. O.; Israel, R.; Smits, J. M. MThe DIRDIF-99 program system
Crystallography Laboratory, University of Nijmegen: Nijmegen, The
Netherlands, 1999.

(91) Burla, M. C.; Camalli, M.; Carrozzini, B.; Cascarano, G. L.; Giaco-
vazzo, C.; Polidori, G.; Spagna, R. Appl. Crystallogr.2003 36,
1103.

(92) Sheldrick, G. M.SHELXS-97, Program for Crystal Structure
Determination University of Gdtingen: Gitingen, Germany,
1997.

(93) Sheldrick, G. MSHELXTL,version 6.14-1, Bruker Analytical X-ray
SystemsBruker AXS, Inc.: Madison, WI, 2005.

(94) Sheldrick, G. M. SADABS-Bruker Nonius scaling and ab-
sorption correctionpersion 2.10 Bruker AXS, Inc.: Madison, WI,
2003.
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3oy = 49.2 Hz), 7.62 (M, 5HPH), 7.23 (M, 1H,H3), 7.14 (m,
2H, H4 andH5), 4.15 (m, 2H, 1), 3.46 (M, 2H, G1,), 2.47 (m,
2H, CHy), 2.31 (m, 2H, E1,). 3C{H} NMR (CD50D): 6 185.66
(C=N), 145.26 C1), 135.74 C6), 134.51 C2, 2Jp,c = 61.2 Hz),
133.89 Ca(q)), 133.17 €3, 3pic = 55.4 Hz), 131.58C,), 131.54
(C5), 128.99 C.), 128.34 Ca), 124.28 C4), 59.54 (28H,, 2Jpc
=59.3 Hz), 25.95 (€H5, 3Jpic = 28.2 Hz).19Pt NMR (CD;0D):

0 —2240.3 § = 730 Hz). Crystals for X-ray study were obtained

by slow evaporation of an acetone solution.

11.Anal. Calcd for GgH1gNCIOPtS: C, 43.59; H, 3.29; N, 2.54.

Found: C, 43.44; H, 3.25; N, 2.50. ESI-MJacetone): m/z
515 [M — CI]*, 574 [M+ NaJ*, 590 [M + K] *. Mp: 178-180°C.
TLC (1:20 (v/v) Me&CO/CHCE): R = 0.43. IR (KBr, cnt?): »
3202 (m, NH), 1581 (s, €N), 1122 (s, $0). 'H NMR
(acetonedg): ¢ 10.17 (s, br, 1H, M), 8.24 (d, 2H, Py, 3Iyn =
7.8 Hz), 8.05 (d+ q, 1H, H2, 334y = 7.6 Hz,3Jpy = 47.8
Hz), 7.67 (m, 8H, 81,), 7.16 (m, 1H,H3), 7.09 (m, 2HH4 and
H5), 3.68 (s+ d, 3H, (Hs, 3Jpy = 18.4 Hz). 13C{H} NMR
(acetoneds): ¢ 188.41 C=N), 167.70 C1), 146.86 C4(q)), 145.08
(Cadq)), 134.92 C2, 2Jpc = 53.5 Hz), 133.58 €3, 3Jpic =
52.5 Hz), 132.80C,), 131.81 Ca), 131.67 €5, 3Jpic = 48.6 Hz),
129.69 Cay), 129.16 Cay), 128.76 Cay), 125.97 Car), 124.23 C4),
47.17 CHa, 2Jpic= 42.8 Hz).19Pt NMR (acetoneds): & —2266.1
(J = 600 Hz).

12.Anal. Calcd for GiH,NCIOPtS: C, 44.64; H, 3.57; N, 2.48.

Found: C, 44.75; H, 3.65; N, 2.35. ESI-M$MeOH): m/z 529
[M — CI*, 588 [M + NaJ*. Mp: 169-170 °C. TLC (1:20
(V/v) Me,CO/CHCE): R: = 0.66. IR (KBr, cnm?): v 3200 (w, NH),
1583 (m, G=N), 1123 (s, $0). 'H NMR (acetoneds): ¢ 10.14
(s, br, 1H, NH), 8.11 (d, 2H,H7 and H10, 3J, = 8.3 Hz),
8.05 (d+ q, 1H, H2, 3J4 = 7.6 Hz, 3Jpy = 47.0 Hz), 7.66
(m, 5H, Ph), 7.49 (d, 2H,H8 andH9, 3J4 = 8.1 Hz), 7.16 (m,
1H, H3), 7.09 (M, 2HH4 andH5), 3.65 (s+ d, 3H, SCHz, 3Jpin
= 18.4 Hz), 2.45 (s, 8, CHa). 13C{H} NMR (acetoneds): o
191.61 C=N), 146.91 Ca.{(q)), 145.68 Ca(q)), 143.57 Ca(q)),
142.09 Cadq)), 134.93 C2, 2pic = 53.5 Hz), 133.93 Ca(q)),
133.56 (€3, 3Jpic = 51.5 Hz), 131.80 @), 131.64 (5,
3Jptc = 48.6 Hz), 130.19 ¢7 and C10), 129.17 Cy), 128.76
(Ca), 125.98 €8 andC9), 124.18 C4), 47.33 (£Hs, 2Jpc = 43.7
Hz), 20.82 CH3). 9Pt NMR (acetoneks): 6 —2264.9 § = 620
Hz).
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X-ray Crystallography. The crystals were immersed in
perfluoropolyether, mounted in cryoloops, and measured at
100 or 120 K temperature. The X-ray diffraction data were collected
with a Nonius Kappa CCD diffractometer using Mo oK
radiation ¢ = 0.71073 A). The Denzo-Scalepack program or
EvalCCD packagég® were used for cell refinements and data
reductions. The structures were solved by direct methods or by the
heavy-atom method using th8HELXS-97or SIR20020r the
DIFDIF-99 programs, respectively, with the WinGX graphical user
interface?%-92 An empirical absorption correction based on equiva-
lent reflections was applied to all data (wittKPREP
in SHELXTL or with SADAB$.%% The maximum/minimum
transmission factors were 0.3458/0.6932, 0.1842/0.6367, 0.0972/
0.2271, 0.3095/0.4600, and 0.2530/0.5747 respectively, fpr4-
1,CHCI3, 8, and10. Structural refinements were carried out with
SHELXL-97°° The imine H atoms ir2 were located from the
difference Fourier map but constrained to ride on its parent atom
[Uiso = 1.8Ugq (parent atom)]. Other H atoms were positioned
geometrically and allowed to ride on their parent atoms, withHN
= 0.88 A andUis, = 1.2U¢q (parent atom) and €H = 0.95-0.99
A and Ui, = 1.2—1.9U¢q (parent atom). The asymmetric unit of
4-1/,CHCI; contained two dimeric Pt units (four Pt) and one CkiCl
solvent molecule. Structur8 contained two and structur&0
four Pt moieties in the asymmetric unit. In structur® two C
atoms (C15D and C16D) were disordered over two positions
with occupancies of 0.51 and 0.49. The selected bond lengths and
angles are summarized in Table 1 and crystallographic data in
Table 3.

Luminescence Studies Absorption spectra were recorded
using a Hitachi U2000 scanning spectrophotometer {2000
nm). Luminescence spectra were obtained using a Spex Fluoro-
max-P fluorimeter corrected for the spectral sensitivity of the
photomultiplier tube and the spectral output of the lamp with
monochromators positioned rfoa 2 nm bandpass. Excited-
state lifetimes were measured using a Lambda Physik nano-
second laser photolysis system. A Lextra 50 XeCl excimer
laser was used to pump 3002 dye laser containing diphenyl-
stilbene, which provided 7 ns, 1 mJ pulses at 400 nm. A
monochromator and a fast photomultiplier tube were used to
monitor sample emission at 575 nm. For kinetic analysis, the signal
from the photomultiplier tube was directed into a Tektronix
TDS 620 digitizing oscilloscope and then to a computer for
averaging, fitting, and storage. The metal complex concentration
of solution samples was 1.8 107> M, and each sample was
degassed by at least three freepemp—thaw cycles. Solid-state
emission and lifetime samples were prepared as a mixture of the
Pt complexes (4.10< 10°° mol) in a matrix of finely ground
KBr (3.24 x 102 mol). All data were recorded at room tem-
perature.
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